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Project Title: Study of Chemical Systems in Static and Time

Resolved Mode by X-ray Absorption Spectroscopy

Principal Investigator: Donald R. Sandstrom

Institution: The Boeing Company, Seattle, WA 98124

Telephone: (206) 773-2272

DESCPIPTION OF PROJECT AND SIGNIFICANT RESULTS

The project objective was to develop new experimental x-ray

absorption (XAS) techniques for application to studies in

metal-containing coordination complexes in dynamic systems.

Two new XAS approaches were advanced: 1) single pulse time

resolved XAS (5,10) and 2) gas phase XAS (6-8). Our

investigations of the time-resolved technique involved

design of advanced circuitry for accurate single-pulse x-ray

detection (10), definition of requirements for 6ufficiently 0

accurate x-ray measurements and evaluation and understanding

of time structure modulations and sources of noise in

synchrotron radiation beams (5). Our progress resulted in a

system with the potential for time resolved sensitivity for

changes in chemical state and bond distance for transient
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chemical intermediates on a jub-iicrosecond tIr- _,:caie.

Development of the gas phase- XAS metilod cx pa cued tre

potential range of the research on retul-cen ta ining

comp exes to metal custers aid ga:e pha>X c:',+,cxes. This

study could provide informX.. ' . : n thne

absence of solvent interacti orI, v : ;:_,rt vou:

solution studies and to the growt_ :

interactions in larger clusters. n 1: ,,W. were mace

on easily vaporizpS materials (8) and then r- d hii1h

temperature, high flux vapor, source where tI[e evaporated

metal flowed along the x-ray beam between ttie plates of an

electron yield detector (6,7).

All tb e x-ray experiments were conducted at thr q'tatnford

Synchrotron Radiation Laboratory (SSRL) during three trips

to the facility; however, during the past two years SSRL has

not operated frequently or reliably and it z fJtcesdry ,(i

hold in abeyance the time resolved and gas phase

experiments. With the limited beam time available we were

able to complete studies which involved determination of the

chemical state and environment of the catalytic atoms during

reduction of a catalyst (2), determination of the chemical

state and environment of -2,e cr-r, cns subztitutcd into

high temperature superconductors (4) and a dynamic study of

the formation of PdH and PdD (14).
x x

Many of the experiments involved chemical systems exhibiting

high s"-...r.. .qcI 'r htirmai disorder for which existing

methods of treating the disorder became inadequate.
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Improved models for lncorporating atomic disorder were

developed and incoruorated into our data analy is pro rarr.

(1). in our work wth the L edges of the rare earth

elements a significant advance was made in understanding the

nature of the x-ray absorption near edge structure (XANE2,)

which is primarily atomic in nature and how it joins to the

extended x-ray absorption fine structure (EXAFS) (3). All

of the publications, reports and presentations have been

sent previously to ONR and described in our end of -:'e 'ia

reports.
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